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(54) Semiconductor device and metfiod of fabricating semiconductor device 



(57) A senniconductor device comprises an Si sub- 
strate (1). a stress absorbing layer (2) conprising GaAs 
and disposed on the Si substrate (1). a compound buffer 
layer (3) having a composition of AtxGa-i.x.ylnyN (0 < x < 
1 . 0 £ y ^ 1} and disposed on the stress absorbing layer 
(2). and a compound semiconductor layer (4) having a 
composition of AlxGa^xylnyN (0<x^1.0<y^1) and 
disposed on the buffer layer (3). Therefore, the buffer 
layer (3) protects the GaAs stress absorbing layer (2) 
from high tennperatures during the formation of the com- 
pound semiconductor layer (4), whereby the stress 
absorbing layer (2) is prevented from decomposition. As 
a result, a stress due to lattice mismatch or thermal 
stress between the Si substrate (1) and the compound 
semiconductor layer (4) is absorbed in the GaAs stress 
absort)ing layer (2) having a lowest bulk modulus, 
whereby the compound semiconductor layer (4) with 
reduced dislocations is grown on the buffer layer (3) and 
bending of the Si substrate (1) is prevented. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to a semiconductor s 
device having high quality semiconductor crystal films 
comprising GaN or GaN related compounds on an Si 
substrate and a method of fabricating the semiconduc- 
tor device. 

.JO 

BACKGROUN D OF THE INVENTION 

Growth methods used to deposit high quality GaN 
films can be distinguished Into two groups ot methods. 

A first group contains methods like MOCVD (metal . is 
organic chemical vapor deposition) and modifications of 
the MOCVD method like plasma assisted MOCVD. All 
methods of this group are characterized by a typical 
reactor pressure of 10 hPa to 1030 hPa and a growth 
temperature for high quality GaN in a range from SOO^C so 
to 1 lOO^C. The mechanism that controls the growth of 
GaN includes vapor phase chemical reactions and - 
chemical reactions between substrate surface and sem- . 
{conductor film surface, 

A second group contains methods like MBE 25 
(molecular beam epitaxy) and related methods like 
GSMBE (gas source MBE). CBE (chemical beam epi- 
taxy), and MOM BE (metal organic MBE). This second 
group Is different from the MOCVD group because of 
lower reactor pressures below 0.001 hPa and the so 
absence of vapor phase reactions. 

Rgure 8 is a schennatic view illustrating typical 
growth procedures in MOCVD. In figure 8, reference 
numeral 30 designates a sapphire substrate, numeral 
31 designates a reactor, numeral 32 designate a sus- 35 
ceptor, numeral. 33 designates a heater, numeral 34 
designates a reaction gas injection pipe, numeral 35 
designates an injection subpipe. numeral 36 designates 
an exhaust pump, numeral 37 designates a motor, and 
numeral 38 designates an exhaust pipe.* 40 

During the whole procedure the reactor 31 is Kept at 
a pressure of 1030 hPa. A GaN epitaxial layer is grown 
to have a thickness cf 4 jim on the sapphire substrate 
30 in accordance with the following steps Initially, the 
washed sapphire substrate 30 having a diameter of 2 4S 
inches is disposed on the susceplor 32. Next, the air In 
the reactor 31 made of stainless steel Is sufficiently 
exhausted by the exhaust pump 36, and H2 gas is intro- 
duced into the reactor 31 , thereby replacing the air In 
the reactor 31 with H2 gas. Thereafter, the susceptor 32 so 
Is heated up to 1 060*»C by the heater 33 while Hg gas is 
supplied to the reactor 31 from the reaction gas injection 
pipe 34 and the injection subpipe 35 in the upper portion 
of the reactor 31 . This state is maintained for 10 minutes 
to remove an oxide film from the surface of the sapphire 55 
substrate 30. Then, the temperature of the susceptor 32 
is decreased to 500'C. and the sapphire substrate 30 is 
left to stand until the temperature becomes stable. 

Subsequently, a gas mixture of H2 gas and N2 gas 



is supplied from the Injection subpipe 35, and a gas mix- 
ture of ammonia (NH3) gas and gas is supplied from 
the reaction gas Injection pipe 34. The flow rate of each 
of the H2 gas and the N2 gas supplied from the injection 
subpipe 35 is 1 0 liter/min, and the flow rates of the NH3 
gas and the H2 gas supplied from the reaction gas injec- 
tion pipe 34 are 4 liter/mIn and 1 liter/min, respectively. 
This state is maintained until the temperature of the sus- 
ceptor 32 is stabilized at SOO^C. 

Thereafter, in order to form a buffer layer, TMG (tri- 
methytgaliium) gas is flowed at a flow rate of 2.7 x 10* 
^mot/min for one minute In addition to the NH3 gas and 
the H2 gas supplied from the reactiori gas Injection pipe 
34. Subsequently, only the TMG gas is stopped to stop 
the growth of the buffer layer. As a result, a buffer layer 
having a thtciyiess of 0.02 jim is produced. 

The temperature of the susceptor 32 Is increased to 
1020''C while flowing the other gases. After the temper- 
ature of the susceplor 32 is raised to .1020'*C. TMG gas 
is flowed at a flow rate of 5.4 x 10'^mol/min for 60 min- 
utes, in addition to the NH, gas and the gas supplied 
from the reaction gas injection pipe 34, thereby growing 
a GaN epitaxial layer having a thickness of 4.0 \itn. 

During the growth, under the conditions described 
above, the gas and the N2 gas are constantly sup- 
plied from, the injection subpipe 35. so that the interior of 
the reactor 31 is not contaminated with the reaction gas. 
In addition, the susceptor 32 is rotated at a rate of 5 rpm 
by the motor 37 so as to uniformly grow crystals. While 
the gases are supplied, the supplied gases are 
exhausted outside from the exhaust pipe 38 which is 
branched from piping of the exhaust pump 36. 

As described above, a GaN buffer layer having a 
thickness of 0.02 ^m and a GaN epitaxial layer having a 
thickness of 4.0 )jm are grown on the sapphire substrate 
30 (Reference data are given in US Patent 5,290,393). 

Rgure 9 is a schematic view of a high-speed rotat- 
ing disc MOCVD reactor used for another MOCVD, 
described in Institute of Physical Conference Serial 
No. 141 , (1994). p.n9. In figure 9, reference numeral 39 
designates an MOCVD reactor, numeral 40 designates 
a nitrogen source distribution manifold, numeral 41 des- 
ignates a Group III distribution manifold, numeral 42 
designates a regulating needle valve, numeral 43 desig- 
nates a screen, and numeral 44 designates a wafer car- 
rier. 

The MOCVD reactor 39 is different from the reactor 
shown in figure 8 in several aspects. Rrst, all gases are 
supplied from the top. The nitrogen gas sources are dis- 
tributed by the nitrogen source distribution manifold 40 
separated from the Group III sources which are sup- 
plied by the Group ill distribution manifold 41. The flow 
distribution of all gases is optimized by adjusting the 
regulating needle valves 42. Further, a uniform flow of 
hydrogen is supplied from the screen 43. The gases 
reach substrates (not shown) mounted on the wafer car- 
rier 44 and react to form the desired semiconductor 
films. To Improve the homogeneity of the film, a high 
speed rotation (500 - 1000 rpm) is given to the wafer 
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carrier 44. Operating pressure of the reactor 39 is pref- 
erably in the range of 76 ~ 200 torr (about 10-26 hPa). 
In addition, high quality GaN can be grown on the thin 
GaN buffer layer at high growth ternperatures. typically 
about lOSO^C. and the GaN buffer layer is deposited at 5 
a reactor pressure of 200 torr (about 26 hPa) at a tem- 
perature oi 540"C using NH3 gas and TOG gas. 

Figure 10 is a schematic view of an MBE chamber 
for explaining a typical MBE used for the growth of GaN. 
desaibed in Journal of Crystal Growth 150 (1995). 10 
p.9l2. in figure 10. reference numeral 45 designates a 
high vacuum MBE chamber, numeral 46 designates a 
substrate, numeral 47 designates a gas-injector, 
numeral 48 designates an MBE-turnace. numeral 49 
designates an electron diffraction device, and numeral is 
50 designates a substrate heater. 

GaN grown by the MBE or related methods are* 
grown by following steps. Initially, a substrate 46 is 
transferred into the high vacuum MBE chamber 45 and 
thermally annealed at high temperatures, typically so 
about 900**C, without any gas exposure. Next, the sub- 
strate 46 is nitrided at substrate temperatures, typically 
400''C. by exposure of the substrate 46 to the nitrogen 
source gas through the gas-injector 47. A low tempera- 
ture buffer layer of either GaN or AIN is deposited by 25 
introducing the Ga-source beam, which can be a beam 
of atomic gallium from the MBE-furnace 48 or a metal 
organic gallium precursor like TEG (triethylgallium) or 
TMG. which are introduced also by the suitable gas- 
injector. Finally, a high quality GaN layer is deposited at so 
a high temperature in a range from eoo^C - 860**G. An 
advantage of this method is the possibility for in-situ 
analysis of the film quality by the electronndiffraction 
device (RHHED) 49. The most favorite precursors for 
nitrogen are NH3, precracked and NH3. while for Ga 35 
most often TMG or TEG are used. Carrier gas is prefer- 
ably mixture of N2 and H2. Further, in MBE-related 
methods, nitrogen radicals or atoms can be produced 
by ECR plasma, microwave activation of N2. or thermal 
cracking of NH3. '<o 

Next, the most commonly substrates and grown 
structures, which are used to obtain high quality GaN 
compound films will be explained (Reference data are - 
given in US Patent 5.290.393). The most commonly 
used substrates for the growth of GaN compounds are 45 
sapphire and SiC wafers. 

Figure 11 is a cross-sectional view schematically 
illustrating one possible structure to produce high qual- 
ity GaN compounds. In figure 1 1 , reference numeral 60 
designates a sapphire or SiC substrate, numeral 61 so 
designates a low temperature GaAlN buffer layer of the 
chemical composition GayAlx-iN. and riumeral 62 des- 
ignates a GaAIN compound semiconductor layer of the • 
chemical composition GaxAlx-iN. 

Initially, after a suitable cleaning procedure, a tow 55 
temperature GaxAlx.iN (0 < x £ 1) buffer layer 61 ts 
deposited on the sapphire or SiC substrate 60 at a low 
temperature in a range from 200''C to 700'C to have a 
film thickness of 10 nm to 200 nm. The low temperature 



buffer layer 61 is rather amorphous than mono-crystal- 
line. Next, the substrate temperature is increased in 
order to transform the amorphous low temperature 
txfffer layer 61 into a smooth mono-crystalline layer, 
which is used as a substrate for the following growth of 
a GaxAljf.iN (0 < x < 1) compound semiconductor layer 
62. The compound semiconductor layer 62 is deposited 
at a temperature in a range from 700''C to 1 150*C and 
exhibits high quality optical and electrical characteris- 
tics. 

However, the main problems related to the common 
way of the growth of high quality GaN using sapphire or 
SiC substrates are following: 

a) high -price of substrates with typical prices for 
sapphire, size of 2 inches diameter: 65 ~ 240 
$/wafer, SiC, size 1cm x 1cm: 200 $/peace. 

b) the lattice mismatch between GaN and SiC is 
about 3.5% while for sapphire it is very large with 
about 16%', 

c) prdDlems related only to sapphire: as an insulator 
the substrate cannot be used for back-side con- 
tacts. Therefore, the- process to form contacts is 
more expensive. Thermal expansion coefficient of 
sapphire differs largely from that of GaN. which fur- 
ther complicates growth processes. Because of the 
Wurtzite crystal structure of sapphire further diffi-"^ 
culties are found for the cleaving of samples, which* 
is necessary for the production of laser devices. ■-' 

A few reports are given to overcome these prob- 
lems. For example, figure 12 is a cross-sectional view 
illustrating a semiconductor device in which GaN com- 
pound semiconductor layers are grown on an Si sub- 
strate, described in US Patent 5,239.188. In figure 12;^ 
the structure includes a low cost n type Si (1 1 1) sub-* 
strale 63 with a low resistance. On the substrate 63, a' 
low temperature AIN buffer layer 64 is deposited in the ' 
common way A high quality n type GaN layer 65 and a 
p type GaN layer 66 are successively disposed on the 
low temperature AIN buffer layer 64 at high tempera- 
tures. Reference numeral 67 designates a p side elec- 
trode and numeral 68 designates an n side electrode. 
The Si substrate 65 solves the problems related to the 
substrate price and the sapphire substrate. However, 
since the lattice mismatch between Si and GaN is as 
high as about 20%, new problems occur related to the 
high lattice mismatch. That is. in the structure shown in 
figure 12. the softest layers remain the GaN layers 65 
and 66 and the Si substrate 63, and a high number of 
dislocations are still olDserved in the GaN layers 65 and 
66. Further, the stress in the Si substrate can lead to the 
bending of the wafer, which limits the use of this tech- 
nique drastically 

Another attempt to overcorhe the above-described 
problems is described by Ueta et al. in Materials 
Research Society vol. 339 (1994), p.459. They also 
used Si substrates and introduced a GaAs layer before 
the deposition of a GaN layer. Since the dislocations 
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tend to form in the material that has a smaller bulk mod- 
ulus, a high number of dislocations are produced in the 
GaAs layer having a bulk modulus smaller than that of 
the GaN layer, whereby the dislocations in the GaN 
layer are reduced. However, their research does only 
investigate rather thick GaAs layers in the range of 
200nm - 2000nm. and the optimized growth conditions 
of the GaAs layer, such as the optimum thickness of the 
GaAs layer and the method of protecting the GaAs layer 
which is easily decomposed at high temperatures, are 
not given. 

SUMMARY OF THE INVENTION 

It is an object of the present Invention to provide a 
semiconductor device in which a stress absorbing layer 
having a superior stress absorptivity is disposed 
between an Si substrate and a GaN compound semi- 
conductor layer, or a GaN compound buffer layer is dis- 
posed on the stress absorbing layer, whereby the 
quality of the GaN compound semiconductor layer is 
improved and unwanted bending of the Si substrate is 
prevented. 

It Is another object of the present invention to pro- 
vide a method of fabricating a semiconductor device in 
which high quality GaN compound semiconductor lay- 
ers are formed on an Si substrate by optimizing the 
growth conditions of the stress absorbing layer , and the 
GaN compound buffer layer. 

Other objects and advantages of the invention will 
become apparent from the detailed description that fol- : 
lows. The detailed description and specific embodi- 
ments described are provided only for illustration since 
various additions and modifications within the scope of 
the invention will be apparent to those of skill in the art 
from the detailed description. 

According to a first aspect of the present Invention, 
a semiconductor device comprises an Si substrate, a 
stress absorbing layer comprising GaAs and disposed 
on the Si substrate, a compound buffer layer having a 
composition of AlxGavx-ylnyN (0^xsi,0<ys1) and 
disposed on the stress absorbing layer, and a com- 
pound semiconductor layer having a composition of 
AI,Gavx.ylnyN (0 s X ^ 1, 0 ^ y < 1) and disposed on the 
buHer layer. Therefore, the buffer layer protects the 
GaAs stress absorbing layer from, high temperatures 
during the formation of the compound semiconductor 
layer, whereby the stress absorbing layer is prevented 
from decomposition. As a result, a stress due to the lat- 
tice mismatch between the Si substrate and the com- 
pound semiconductor layer is absorbed in the GaAs 
stress absorbing layer having a lowest bulk modulus, 
whereby the compound semiconductor layer with 
reduced dislocations is grown on the buffer layer and 
bending of the Si substrate is prevented. 

According to a second aspect of the present inven- 
tion, in the semiconductor device, the stress absorbing 
layer is as thin as Inm ~ SOOnm. Therefore, when GaN 
compounds are grown on the buffer layer, defects In the 



buffer layer is reduced in a range where the buffer layer' 
Is thin, thereby reducing defects in the compound semi- 
conductor layer. 

According to a third aspect of the present invention, 
5 a semiconductor device comprises an Si substrate, low 
bonding power layers comprising a material which has a 
bonding number smaller than that of Si and disposed on 
regions of the Si substrate, a stress absoriDing layer 
comprising GaAs and disposed on the low tending 
10 power layers and on the Si substrate where the low 
bonding power layers are not present, and a compound 
semiconductor layer having a composition of AI^Gai.x- 
ylRyN (0 ^ X < 1, 0 < y ^ 1) and disposed on the stress 
absorbing layer. Therefore, the bonding power between 
IS the low bonding power layer having a bonding number 
smaller than those of the Si substrate and the stress 
absorbing layer is smaller than the bonding power 
between the Si substrate and the stress absorbing layer. 
Further, the stress between the low bonding power layer 
20 and the stress absorbing layer is absorbed and the 
, stress between the stress absorbing layer and the Si 
. substrate is reduced. As a result, bending of ttie Si sub- 
strate and generation of cracks in the substrate are suit- 
ably prevented. 

25 According to a fourth aspect of the present inven- . 
tion. in the semiconductor device, a compound buffer 
layer having a composition of AlxGa^x-ylnyN (0 < x < 1 . 
0 < y < 1 ) is disposed on the stress absorbing layer, and 
a compound semiconductor layer is disposed on the 

■ 30 buffer layer. Therefore, the buffer layer protects the 

.... stress absorbing layer from high temperatures during, 
the formation of the compourx) semiconductor layer, 
whereby the stress absorbing layer is prevented from 
decomposition. 

35 According to a fifth aspect of the present invention, 
in the semiconductor device, since the low bonding 
power layer comprises one selected from the groups 
consisting of SiO^. SINj^, or SiON, the low bonding 
power layer is easily formed by oxidizing or nitriding the 

40 Si substrate. • . . . ^ . 

According to a sixth aspect of the present invention, 
a semiconductor device comprises an SI substrate, a 
stress absorbing layer- comprising As and disposed on 
the Si substrate, a compound buffer layer having a com: 

45 position of AI^Gavx-ylnyN (0 i x < 1, 0 < y :£ 1) and dis- 
posed on the stress. absorbing layer, and a compound 
semiconductor layer having a composition of AI^Gai.,. 
yInyN (0 ^ X ^ 1 . 0 s y ^ 1) and disposed on the buffer 
layer. Therefore, the buffer layer protects the As stress 

so absorbing layer from high temperatures during the for- • 
mation of the compound semiconductor layer, whereby 
the stress absorbing layer is prevented from decompo- 
sHion. As a resuH. a stress due to lattice mismatch 
between the Si substrate and the compound semlcon- 

55 ductor layer is absorbed in the As stress absorbing layer 
having a lowest bulk modulus, whereby the compound 
semiconductor layer with reduced dislocations is grown 
on the buffer layer, and bending of the Si substrate is 
prevented. 
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According lo a seventh aspect of the present Inven- 
tion, in the semiconductor device, the Si substrate has a 
{100) surtace orientation or a {111} surface orientation. 
Therefore, when the SI substrate has the {100) surface, 
the substrate can be cleaved, on the other hand, when 
the Si substrate has the {111) surface, the Si substrate 
has the same Wurtzite like crystal structure as the 
nitride buffer layer, whereby crystallinity of the nitride 
buffer layer is improved. 

According to an eighth aspect of the present inven- 
tion, in the semiconductor device, the Si substrate, the 
stress absorbing layer, and the buffer layer comprise 
impurities for producing conductivity, and the compound 
semiconductor layer comprises an impurity for produc- 
ing conductivity and constitutes a light-to-electricity con- 
version or an electricity-to light conversion device 
structure, and the conipositions x and y have values 
corresponding to the device structure. Therefore, the 
present invention can be applied to the semiconductor 
laser device, and inexpensive Si substrate is used, 
resulting in a semiconductor laser device with a low 
cost. In addition, since the Si substrate can be cleaved 
and the electrode can be formed on the rear surface of 
the substrate, additional processing' is not required in 
the tabricating process of the semiconductor laser 
device, thereby obtaining a semiconductor laser device 
with a further reduced cost. 

According to a ninth aspect of the present inven- 
tion, a method' of fabricating a semiconductor device 
comprises preparing an Si substrate, forming a stress 
absorbing layer compriising one selected from the 
groups consisting of GaAs or As and having an amor- 
phous or polycrystalline structure on the Si substrate, ' 
forming a compound buffer layer having a composition 
of AlxGai.x.ylnyN (0 s x < 1, 0 < y ^ 1) on the stress 
absorbing layer at a temperature such that the stress 
absorbing layer is not decomposed, partly transforming 
the stress absorbing layer and the buffer layer, at least a 
part of the buffer layer, into a monocrystalline structure, 
and terming a compound semiconductor layer compris- 
ing a monocrystalline structure and having a composi- 
tion of AlxGai.x.ylHyN (0 < X 5 1 , 0 < y ^ 1) on the buffer 
layer which is partly transformed into a monocrystalline 
structure. Therefore, the buffer layer is grown on the 
stress absorbing layer without decomposKion of the 
stress absorbing layer and, further, the buffer layer pro- 
tects the stress absorbing layer from high temperatures 
during the formation of the compound semiconductor 
layer, whereby the stress absorbing layer is prevented 
from decomposition. In addition, since the buffer layer 
which is formed in amorphous or polycrystalline struc- 
ture at a low temperature is transformed into a monoc- 
rystalline structure, crystallinity of the compound 
semiconductor layer formed on the buffer layer is 
improved. Further, since the stress of the buffer layer is 
absorbed in the stress absorbing layer during this trans- 
formation, dislocations of the compound semiconductor 
layer formed on the buffer layer are reduced. 

According to a tenth aspect of the present inven- 



tion, in the method of fabricating the semiconductor 
device, the stress absorbing layer comprises GaAs and 
is formed at a temperature in a range from 200*^0 to 
600®C. Therefore, the GaAs stress absortxng layer is 
5 made amorphous or polycrystalline structure with high 
stability. 

According to an eleverrth aspect of the present 
invention, in the method of fabricating the semiconduc- 
tor device, the stress absorbing layer comprises As and 
10 is formed at a temperature in a range from a room tem- 
perature to 550*'C. Therefore, the As stress absorbing 
layer is made amorphous or polycrystalline structure 
with high stability. 

75 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view schematically 
illustrating a semiconductor device accordirig to a first 
embodiment of the present invention. 

20 Rgures 2(a)-2(c) are cross-sectional views illustrat- 
ing process steps in a method of fabricating the semi- 
conductor device according to the first embodiment of 
the present invention.* 

Figure 3 is a cross-sectional view schematically 

25 illustrating a semiconductor device according to a sec- 
ond embodiment of the present invention. ♦ 



Figures 4(a)-4(d) are cross-sectional views illustrat- . ■ sr- 
• ing process steps in a method of fabricating the semi- .•^:ir.- 

conductor device according to the second embodiment . 'sV 
30 of the present invention. 

Figure 5 is a cross-sectional view schematically -T/ 
illustrating a semiconductor device according to a third v - 

embodiment of the present invention. tf^:*? 

Rgure 6 is a cross-sectional view schematically 4553^' 
35 illustrating a semiconductor laser device according to a 

fourth embodiment of the present invention. - - i.^^ 
Figures 7(a)-7<g) are cross-sectional views illustrat- . ,.pi' 



ing process steps In a method of fabricating the semi- 
conductor laser device according to the fourth 
40 embodiment of the present invention. 

Figure 8 Is a schematic view Illustrating typical - 
grovyrth procedures in MOCVD. 

Figure 9 is a schematic view of a high-speed rotat- 
ing disc MOCVD reactor used for another MOCVD. 
45 Figure 10 is a schematic view of an MBE chamber 
for explaining a typical MBE used for the growth of GaN. 

Figure 11 is a cross- sectional view schematically 
illustrating a semiconductor device in which GaN com- 
pound semiconductor layers are grown on a sapphire 
so substrate according to the prior art. 

Rgure 12 is a cross-sectional view schematically 
illustrating a semiconductor device in which GaN com- 
pound semiconductor layers are grown on an Si sub- 
strate according to the prior art 
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DETAILED DESCRIPTION O F THE PREFERRED 
gMBODIM^NTS 

Embodimenl 1. 

5 

Figure 1 is a cross-sectional view schematically 
illustrating a semiconductor device according to a first 
embodiment of the present invention. Reference 
numeral 1 designates an Si substrate. A GaAs stress 
absorbing layer 2 is disposed on the Si substrate 1 , a io 
low tenperature GaN buffer layer 3 is disposed on the 
stress absorbing layer 2, and a GaN compound semi- 
conductor layer 4 is disposed on the low temperature 
GaN buffer layer 3. The GaN compound semiconductor 
layer 4 is a part of a desired device structure (not is 
shown). That rs, on the GaN compound semiconductor . 
layer 4, other GaN compound semiconductor layers are 
disposed to form the device structure and, further, elec- 
trodes (not shown) for the device structure are dis- 
posed. In addition, the Si substrate 1 is desired to have so 
a (100) surface orientation or a (111) surface orienta- 
tion. That is, when the semiconductor device shown in . 
figure 1 Is a semiconductor laser, since it is necessary 
to cleave the Si substrate 1 . the Si substrate 1 is made 
to have a {100} surface orientation. On the other hand, 2S 
when the semiconductor device is a device which. does 
not require cleaving of the substrate, since Si and GaAs 
have never Wurtzite structure, the Si substrate 1 is 
made to have a {11 1) surface orientation so that it has 
the same Wurtzite like crystal structure as the buffer so 
layer 3, thereby improving the crystallinity of the buffer 
layer 3 (after recrystallization). 

Rgures 2(a)-2(c) are sectional views illustrating 
process steps in a method of fabricating the semicon- 
ductor device according to the first embodiment of the 3S 
invention, in the figures, the same reference numerals 
as in figure 1 designate the same or corresponding 
parts. 

A description is given of the fabricating method with 
reference to figures 2(a)-2(c). Both MOCVD and MBE. 40 
and related methods described with respect to the prior 
art should be suitable. 

Initially, an Si substrate 1 having a {100} surface ori- 
entation is prepared as in the prior art method, and the 
Si substrate 1 is disposed on a susceptor. Next, the Si 45 
substrate 1 is cleaned from residual impurities. As a 
cleaning method, a treatment with atomic hydrogen is 
used in fy^BE, and a high temperature process is used in 
the MOCVD related method. 

In the step of figure 2(a). a GaAs stress absorbing so 
layer 2 having an amorphous structure is deposited on 
the Si substrate 1 to a thickness of 1 nm to 300 nm at a 
substrate temperature in a range from 200*C to 600'C. 
In the step of figure 2(b). on the GaAs stress absorbing 
layer 2. a GaN buffer layer 3 having an amorphous ss 
structure is deposited at a. substrate temperature in a 
range from 200'*C to 700**C so that the GaAs stress 
absorbing layer 2 is not decomposed. In this case, the 
GaAs stress absorbing layer 2 and the GaN buffer layer 



3 may have polycrystalline structures. The substrate 
temperature is raised in order to transform the amor- 
phous GaAs stress absorbing layer 2 and the amor- 
phous GaN buffer layer 3 into monocrystalline layers, 
that is, in order to recrystallize these layers. Preferably, 
the recrystalllsation is performed at a temperature in- a 
rage from SOO^C to nSCC. In this process, the crystal 
structure of the Si substrate forms a template for the 
crystal structure of the GaAs stress absorbing layer 2. 
and the crystal structure of the recrystallised GaAs 
stress absorbing layer fornis a template for the crystal 
structure of the GaN iDuffer jayer 3. During this process, 
most of the stress due to lattice mismatch between the 
Si substrate 1 and the GaN buffer layer 3 is absorbed In 
the softest layer, that is. the GaAs stress absorbing layer 
2. When the substrate temperature exceeds QOCC. the 
uppermost GaN buffer layer 3 protects the GaAs stress 
absorbing layer 2 from decomposition. 

Next, in. the step of figure 2(c). a GaN compound 
semiconductor layer 4 is grown at temperatures above 
goo^C for the case of fwlOCVD and the related methods 
thereof and above 600*C for MBE and the related meth: 
ods thereof, respectively Thereafter, other GaN com- 
pound semiconductor layers (not shown) are grown to 
form a desired device structure, and electrodes (not 
shown) for the device are formed, thereby completing a 
semiconductor device. During the growth of the device 
structure, thermal stress, which accumulates, when the 
Si substrate 1 is cooled down, also should be absorbed 
in the GaAs stress absorbing layer 2. 

In the prbr. art structure, since a layer having a 
smallest bulk moduhjs is a GaN layer and the defects 
(dislocations) propagate from the material with the 
higher bulk modulus into the materia! with the lower bulk 
modulus, the defects are not prevented from propagat- 
ing to the GaN layer. However, in the semiconductor 
device according to the first embodiment, since the 
GaAs stress absorbing layer 2 v/ith a bulk modulus 
lower than those of the Si substrate 1 and the GaN com- 
pound semiconductor layer 4 is disposed between the 
Si substrate 1 and the GaN compound semiconductor 
layer 4, a stress due to lattice mismatch between the Si 
substrate 1 and the GaN compound semiconductor 
layer 4 is absorbed in the GaAs stress absorbing layer 
2. Even if defects are produced in the GaAs stress 
absorbing layer 2 by the stress, the defects do not prop- 
agate to the GaN compound semiconductor layer 4, 
resulting in a GaN compound semiconductor layer 4 
having reduced defects. Therefore, a low cost Si sub- 
strate 1 can be used for the GaN series device, whereby 
price of the GaN series device is significantly reduced. 

In the first embodiment of the Invention, the amor- 
phous or polycrystalline GaAs stress absorbing layer 2 
is formed on the SI substrate 1 at a low temperature, 
and the GaN buffer layer 3 is formed on the GaAs stress • 
absorbing layer 2 at a temperature in a range from 
200''C to yoo^C. Therefore, the GaN buffer layer 3 Is 
formed on the GaAs stress absorbing layer 2 without 
decomposition of the stress absorbing layer 2. In addi- 
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tion. the GaAs stress absorbing layer 2 is protected from 
high temperatures during the formation of the com- 
pound semiconductor layer 4 and prevented from 
decomposition. 

Further, in the first embodiment of the invention, 
since the amorphous or polycrystalline GaAs stress 
absorbing layer 2' and the amorphous or polycrystalline 
GaN buffer layer 3 which are formed at low tempera- 
tures are recrystallized before the growth of the GaN 
compound semiconductor layer 4. crystallinity of the 
GaN compound semiconductor layer 4 grown on the 
GaN buffer layer 3 is improved, and a stress of the GaN 
buffer layer 3 is absorbed in the stress absorbing layer 2 
during the recrystallization. thereby reducing the 
defects in the compound serrvconductor layer 4 formed 
on the buffer layer 3. 

Further, since the GaN buffer layer 3 is recrystal- 
lized at a temperature in a range from 600*C, which is a 
temperature recrystallizing the amorphous or polycrys- 
talline layers, to 1 1SO^C. wrhich is a growth temperature 
of the GaN compound semiconductor layer 4. the 
recrystallization of the GaN buffer layer 3 can be suita- 
bly performed. 

Furthermore, since the GaAs stress absorbing 
layer 2 is as thin as 1 ~ 300 nm. defects in the GaN 
compound semiconductor layer • 4 are significantly 
reduced. 

Furthermore, the Si substrate has a {100) surface 
orientation or a {111) surface orientation. When the Si 
substrate 1 has a {100} surface, the substrate can be 
cleaved, on the other hand, when the Si substrate 1 has 
a {1 1 1 } surface, the Si substrate has the same Wurtzrte 
like crystal structure as the buffer layer 3, thereby 
improving the crystallinity of the buffer layer 3 during 
recrystallization. 

Furthermore, since the GaAs stress absorbing 
layer 2 is formed at a temperature in a range from 200*C 
to eoO^C. the structure of the GaAs stress absorbing 
layer 2 is made an amorphous or polycrystalline struc- 
ture with high reliability. 

Further, since the GaAs stress absorbing layer 2. 
the low temperature GaN buffer layer 3. and the GaN 
compound semiconductor layer 4 are formed on the Si 
substrate 1 by any of MOCVD. MBE. and CBE. the sem- 
iconductor device is suitably fabricated. 

Embodiment 2. ' 

A description is given of a second embodiment of 
the present invention. 

Figure 3 is a cross-sectional view schematically 
illustrating a semiconductor device according to a sec- 
ond embodiment of the present invention. In figure 3, 
the same reference numerals as in figure 1 designate 
the same or corresponding parts. Reference numeral 7 
designates low bonding power layers comprising a die- 
lectric material, such as SiOx, SiN^. and SiON. and dis- 
posed in prescribed regions on the Si substrate 1 . A 
GaAs stress absorbing layer 2 is disposed on the low 



bonding power layers 7 and on a region of the Si sub- 
strate 1 other than the regions where these layers 7 are 
present. 

Figures 4(a)-4(d) are cross-sectional views iDustrat- 

5 ing process steps in a method of fabricating a semicon- 
ductor device according to a second embodiment of the 
invention. In the figures, the same reference numerals 
as in figures 2(a)-2(c) and figure 3 designate the same 
or corresponding parts. In the step of figure 4(a). low 

10 bonding power layers 7 are formed on the Si substrate 1 
by oxidizing or nitrtding the Si substrate 1 using a pre- 
scribed pattern. In the step of figure 4(b). a stress 
absorbing layer 2 is formed on the low bonding power 
layers 7 and the Si substrate 1 and, thereafter, in the 

75 steps of figures 4(c) and 4(d), the same process steps 
as already described with' respect to the first embodi- 
ment are performed to fabricate the semiconductor 
device. A suitable pattern of the low bonding power 
layer 7 is of square or circular shape with dimensions of 

20 0.2 - 2000 pm, and having a thickness of 10 - 1O0 nm. 
The width of the pattern of the low bonding power layer 
7 must be such a width that the upper surface of the Si 
substrate 1 is widely exposed and, whereby the aystal 
structure of the Si substrate 1 acts as a template for the 

25 crystal structure of the GaAs stress absorbing layer 2. In 
addition, the material of the low bonding power layer 7 is 
not restricted to SiO,. SiN^. and SiON. Other materials 
may be used as tong as it has a bonding number 
smaller than that of Si. However, wheri SiO,. SIN,, and 

30 SiON are used, the low bonding power layers 7 are eas- 
ily formed on the Si substrate 1 by oxidizing or nitriding 
the Si substrate 1. 

As described above, in the second enlbodiment of 
the invention, the low bonding power layers 7 compris- 

35 ing a dielectric material, such as SiOx, SiNj,, and SiON, 
are formed at prescribed regions on the Si substrate 1 , 
and the GaAs stress absorbing layer 2 is formed -on the 
low bonding power layers 7 and on a region of the Si 
substrate 1 other than the regions where these layers 7 

40. are present. Therefore, the bonding power between the 
low bonding power layer 7 having a . bonding number 
smaller than those of the Si substrate 1 and the GaAs 
stress absorbing layer 2 is smaller than the bonding 
power between the Si substrate 1 and the GaAs stress 

45 absorbing layer 2, and the stress between the low bond- 
ing power layer 7 and the stress absorbing layer 2 is 
absorbed and the stress between the stress absorbing 
layer 2 and the Si substrate 1 is reduced. As a result, 
bending of the Si substrate 1 and generation of cracks in 

so the substrate are suitably prevented. 

Further, since the GaN buffer layer 3 is formed on 
the GaAs stress absorbing layer 2 at a low temperature, 
the GaN buffer layer 3 is formed on the GaAs stress 
abisorbing layer 2 without decomposition of the GaAs 

55 stress absorbing layer 2. In addition, the GaAs stress 
absorbing layer 2 is protected from high temperatures 
during the formation of the compound semiconductor 
layer 4 and prevented from decomposition. 
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Embodiment 3 . 

A description is given of a third enfcodiment of the 
present invention. 

Figure 5 is a cross-sectional view schematically s 
illustrating a semiconductor device according to a third 
embodiment of the present invention. In figure 5, the 
same reference numerals as in figure 1 designate the 
same or corresponding parts. Reference numeral 122 
designates an As stress absorbing layer which is used io 
instead of the GaAs stress absorbing layer 2 shown in 
figure 1. The semiconductor device according to this 
third embodiment is fabricated as described with 
respect to the first embodiment, except for the tempera- 
ture for forming the As stress absorbing layer 122. The is 
temperature for forming the As stress absorbing fayer . 
122 is preferably in a range from a room temperature to 
550^0 so that the structure of the As stress absorbing • 
layer 122 is made an amorphous or polycrystalllne 
structure with high stability. Since As has a bulk modu- . 20 
lus lower than those of the Si substrate 1 and the GaN 
compound semiconductor layer 4, As can be used as 
the stress absorbing layer as described with respect to 
GaAs. Further, since As is decomposed at a tempera- 
ture for growing the GaN compound semiconductor 25 
layer 4 as described with respect to GaAs, a GaN buffer 
layer 3 as a protecting layer is necessary. In addition, 
since the As stress absorbing layer 122 is excessively 
soft and unstable when the layer is too tHcK the thick- 
ness of the As stress absorbing layer 122 is preferably 30 
in a range from a few atomic layers to several nanome- 
ter. 

As described above, in the third embodiment of the 
invention, since the As stress absorbing layer 122, the . 
GaN buffer layer 3, and the GaN compound semicon- 35 
ductor layer 4 are successively formed on the Si sub- 
strate 1 , the As stress absorbing layer 122 is protected 
from high temperatures during the formation of the com- 
pound semiconductor layer 4 and prevented from 
decomposition. Therefore, a stress due to lattice mis- 40 
. match between the Si substrate 1 and the compound 
semiconductor layer 4 is absorbed in the As stress 
atjsorbing layer 122 having the lowest bulk modulus, - 
whereby a compound semiconductor layer 4 with 
reduced defects is grown on the GaN buffer layer 3. and 4S 
bending of the Si substrate 1 can be prevented. 

Embodiment 4. 

A description is given of a fourth embodiment of the so 
present invention. 

Figure 6 Is a cross-sectional view schematically 
illustrating a semiconductor laser device according to a 
fourth embodiment of the present invention. Reference 
numeral 101 designates an n type Si substrate. An n 55 
type GaAs stress absorbing layer 102 is disposed on 
the n type Si substrate 101. A low temperature n type 
GaN buffer layer 103 is disposed on the n type GaAs 
stress absorbing layer 102. An n type GaN buffer layer 



104 is disposed on the low temperature n type , GaN 
buffer layer 103. An n type AIGaInN cladding layer 105 
is disposed on the n type GaN buffer layer 104. An 
undoped AIGaInN active layer 106 is disposed on the n 
type AIGaInN cladding layer 105. A p type AIGaInN 
cladding layer 107 is disposed on the undoped AIGaInN 
active layer 106. N type current blocking layers 108 are 
disposed on regions of the p type AIGaInN dadding 
layer 107. A p side electrode 1 10 is disposed on the n 
type current blocking layers 108 and on a region of the 
ptype AIGaInN cladding layer 107 where the n type cur- 
rent blocking layers 108 are not present. An n side elec- 
trode 109 is disposed on the rear surface of the n type 
Si substrate 101. 

Figures 7(a)-7(g) are cross-sectional views illustrat- 
ing process steps In a method of fabricating a semicon- 
ductor laser device according to a fourth embodiment of 
the present invention. In these figures, the same refer- 
ence numerals as in figure 6 designate the same or cor- 
responding parts. In the fourth embodiment, since the 
device shown in figure 6 is the semiconductor laser , 
device, n Is necessary to cleave the n type Si substrate 
101, whereby an n type Si substrate having a {1003 sur- 
face orientation is used as the substrate 101. The same 
process steps as described with respect tc the first 
embodiment are performed until the step of disposing 
the n type GaN buffer layer 104 shown in figure 7(c). 
Next, as shown in figures 7(d)-7(g). the n type AIGaInN 
cladding layer 105, the undoped AIGaInN active, layer 
106, the p type AIGaInN cladding layer 107. and the n 
type current blocking layer 108 are successively dis- 
posed on the n type GaN buffer layer 104. Thereafter, 
the prescribed region of the n type current blocking layer 
108 is etched and removed and. then the p side elec- 
trode 1 10 is formed on the n type current blocking layers . 
108 and on a region of the p type AIGaInN dadding 
layer 107 where the n type current blocking layers 108 
are not present and the n side electrode 109 is formed 
on the rear surface of the n type Si substrate 101, as 
shown in figure 6. Subsequently, the n type Si substrate 
101 is cleaved, thereby completing the semiconductor 
laser device. 

As described above, the Si substrate 1 01 , the GaAs 
stress absorbing layer 102. and the GaN buffer layer 
103 are doped with Impurities producing the prescribed 
conductivity types to make these layers conductive, 
respectively, and the AIGaInN semiconductor layers 105 
to 107, the current blocking layers 108, and the elec- 
trodes 109 and 110 are disposed on the GaN buffer 
layer 103 to form the semiconductor laser structure, 
whereby the present invention can be applied to the 
semiconductor laser device. Therefore, an inexpensive 
Si substrate can be used, thereby obtaining a semicon- ■ 
ductor laser device with a low cost. Further, since the SI 
substrate can be deaved and the electrode 109 is 
formed on the rear surface of the substrate, additional 
processing is not required in the process* of fabricating 
the semiconductor laser device, resulting In a semicon- 
ductor laser device with a further reduced cost 
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In the iburth embodiment, as the compound semi- 
conductor layers constilirting the device structure. GaN 
is used tor the compound semiconductor layer 4 and 
AlGaInN is used tor the compound semiconductor lay- 
ers 105 - 107, respectively. However, compounds for 5 ■ 
these layers are not restricted to GaN and AIGalnN. Any 
compound semiconductor Is used as long as the com- 4. 
position is Alj^Gavx-ylnyN (0 < x < 1. 0 < y < 1). 

Further, in the fourth embodiment. GaN is used lor 
the low temperature buffer layers 3 and 103. However, w 
compounds for these layers are not restricted to GaN. 
Any compound semiconductor is used as long as the 
composition is AIxGav^-ylr^yN (0 < x < 1 , 0 < y < 1). In 
addition; the low temperature buffer layer may have the 
different conrtposition from those of the compound sem- is 
•conductor layers. 5. 

While in the fourth embodiment the present inven- 
tion is applied to the semiconductor laser device, the 
present invention may be applied to a light-to-electricity 
conversion or an electricity-to-light conversion semlcon- 20 
ductor device. 6. 

While in the fourth embodiment the GaAs stress - 
absorbing layer 102 Is disposed on the Si substrate 101, 
low bonding power layers may be disposed at regions 
on the Si substrate 101 and the GaAs stress absorbing 25 
layer 102 may be disposed on tlie low bonding power 
layers and a region of the Si substrate 101: where the 
low bonding power layers are not present. In addition,- 
the As stress absorbing layer may be provided instead 
of the GaAs stress absorbing layer 102. 3o 

Claims 

1 . A semiconductor device (Fig. 1) comprising: 7. 

35 • 

an Si substrate (1); 

a stress absorbing layer (2) comprising GaAs 
and disposed on the Si substrate ( 1 ): -8. 
a compound buffer layer (3) having a composi- 
tion of AlxGai.x-y'nyN (0 < X s 1 , 0 ^ y 5 1 ) and 40 
disposed on the stress absorbing layer (2); and 
a compound semiconductor layer (4) having a 
composition of AlxGa^x-ylnyN (0 s x s 1 . 0 < y 
1) and disposed on the buHer layer (3). 

45 

2. The semiconductor device of claim 1 (Fig. 1) 
wherein the stress absorbing layer (2) is as thin as 
Inm - SOOnm. 

9. 

3. A semiconductor device (Fig. 3) comprising: so 

an Si substrate (1) having a bonding nunnber; 
low bonding power layers (7) comprising a 
material which has a bonding number smaller 
than that of Si and .disposed on regions o! the ss ■ 
Si substrate (1); 

a stress absorbing layer (2) comprising GaAs 
and disposed on the low bonding power layers 
(7) and on the Si substrate (1) where the low 



bonding power layers (7) are not present; and 
a compound semiconductor layer (4) having a 
composition of Al^Gai.j.ylnyN (0<x£l,0<y 

< 1) and disposed on the stress absorbing layer 
(2). 

The semiconductor device of claim 3 (Rg. 3) com- 
prising: 

a compound buffer layer (3) having a composi- 
tion of AI^Gavx-ylnyN (0 < x < 1. 0 s y < 1) and 
disposed on the stress absorbing layer (2); and 
a compound semicorxjuctor layer (4) disposed 
on the buffer layer (3). 

The semiconductor device of claim 3 (Rg. 3) 
wherein the low bonding power layer (7) comprises 
one selected from the groups consisting of SiOy. . 
SiNx. or SiON, .- • - 

A serriiconductor device (Fig. 5) comprising: 
an Si substrate (1); 

*a stress absorbing layer (122) comprising As 
and disposed on the Si substrate (1); 
a compound buffer layer (3) having a co^iposi- 
iion of AI^Gai.x-ytnyN (0 i x s 1 . 0 < y ^ 1) and 
disposed on the stress absorbing 'layerf(122); 
and 

a compound semiconductor layer (4) having a 
composition of AI^Gavx-y'riyN (0 < x < 1, 0 s y 

< 1) and disposed on the buffer layer (3). 

The semiconductor device of daim 1 (Figs. .1. 3. 5) 
wherein the Si substrate (1) has a {100} surface ori- 
entation or a { 1 1 1 } surface orientation. 

The semiconductor device of claim 1 (Fig. 6) 
wherein the SI substrate (1 01). the stress absorbing 
layer (102). and the buffer layer (103) comprise 
Impurities for producing conductivity, and the com- 
pound semiconductor layer (105-107) comprises 
an impurity for producing conductivity and consti- 
tutes a light-to-electricity conversion or an electric- 
ity-to-light conversion device structure, and the 
compositions x and y have values corresponding to 
the device structure. 

A method of fabricating a semiconductor device 
(Figs. 2(a)-2(c). 5) comprising: 

preparing an Si substrate (1); 
forming a stress absorbing layer (2. 122) com- 
prising one selected from the groups consisting 
of GaAs or As and having an amorphous or 
polycrystalline structure on the Si substrate (1); 
forming a compound buffer layer (3) having a 
composition of AlxGai.x-ylnyN.(0 ^ x < 1, 0 ^ y 

< 1) on the stress absorbing layer (2, 122) at a 
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temperature such that the stress absorbing 
layer (2. 122) is not decomposed; 
partly transforming the stress absort>rng layer 
(2. 122) and the buffer layer (3), at least a part 
of the buffer layer (3). into a monocrystalllne s 
structure ; and 

forming a compound semiconductor layer (4) 
comprising a monocrystaliine structure and 
having a composition of At^Gai.j,.ylnyN (0 < x < 
1. 0 < y :£ 1) on the buffer layer (3) which is io 
partly transformed into a monocrystalllne layer. 

10. The method of claim 9 (Fig. 1) wherein the stress 
absorbing layer (2) comprises GaAs and is formed 

at a temperature in a range from 200-C to aoo^C. is 

11. The method of claim 9 (Fig. 5) wherein the stress 
absorbing layer (122) comprises As and is formed 
at a temperature in a range from a room tempera- 
ture to 550°C. 20 
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Fig. 2 (a) 




Fig. 2 (b) 




Fig .2 (c) 




Fig.3 
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Fig.4 (a) 



Fig.4 (b) 



Fig.4 (c) 



Fig.4 (d) 
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Fig.7 (a) 
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□ BLACK BORDERS 

□ IMAGE CUT OF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

^ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLATED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER : 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning these documents will not correct the image 
problems checked, please do not report these problems to the 
IFW Image Problem Mailbox. 
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